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@ Acoustic monitoring of two-phase feed nozzles. 

@ An acoustic method is disclosed for monitoring and 
controiOng the mixing or flow state condition of two-phiase 
fluids through feed nozzles (4) and thereby improving operating 
8tat>aity arKi high product value yields in major refinery 
processes or any other process where a finely atomized Ikiuid 
stream exitir^ the nozzle is Important. In this method, the 
signature of a current power spectnmi (CPS) from a vibrationai 
sensor (5:8) acoustteally coupled to the fluki in the nozzle (4) 
under unknown nozzle operating conditions are compared with 
the corresponding signature under known operating condi- 
tions. A differeruse irKiicating a departure from the known nozzle 
operating conditkms is used to control the operating condittons 
to return the nozzle performance to normal. 
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Description 



ACOUSTIC MONrrORINQ OF TWO-PHASE FEED NOZZLES 



The present invention relates to an acoustic 
noz2*e morutoring process and in particular, though 
not exclusWety, to a process to monitor and control 5 
feed atomization in fluidtzed bed reactors or transfer 
tines. Petrochemical processes that depend on 
fluidized beds or transfer lines include the thermal 
cracking of heavy oils In processes described as 
"fluid bed coking' or "flexicoWng", and the catalytic 10 
cracking of complex hydrocart>ons in the process 
called ''catalytic cracking* or "cat-cracking'. Such 
processes are irajor components of modem re- 
fineries which use them to convert more and more 
difficult feedstocks into petroleum products of great 15 
added value. 

One key component of either fluid bed coking or 
cat cracking is the feed nozzle. Feed nozzles are 
designed to finely atomize heavy oil in order to alk)w 
dispersion of a ttiin, uniform oO layer on approxi- 20 
mately 150 micron coke partrcles (fluid bed coking) 
or approximately 60 micron cata^ partkHes (cat 
cracking). Maintaining the perfonnance of these 
feed nozzles through the multi^year running cycle of 
a refinery is very important to operating stability and 25 
high value product yields. However, maintaining the 
performance of these feed nozzles can be compli- 
cated by several factors. For example the oil feed to 
the feed nozzles is typically very viscous and the 
composrtton of the oil Is highly variable. Under these 30 
conditions, small changes in the temperature of the 
oil feed can have a dramatic effect on the perfor- 
mance of the nozzle. Furthermore, the feed nozzle is 
inserted in a hareh environment where erosion by 
particles and plugging by process deposits can both 35 
adversely affect feed nozzle performance. In addi- 
tion the feed nozzles usually receive feed and steam 
from manifokJs that supply a multiplicity of feed 
nozzles. Under these circumstances it is difftoult, if 
not impossible, to ensure that each nozzle is 40 
carrying a desired flow without monitoring the 
specific nozzle. 

Of equal importance, is the fact that the feed 
nozzles used in fhikl bed cokirYg and oat cracking 
contain a two phase mixture of non-ideal fluids 46 
namely steam and heavy oD. Because of the 
non-ideal nature of these mixtures, feed nozzles 
typically operate in a number of flow regimes. These 
range from the desired stable flow regime where the 
steam and oil are finely mixed to provide the desired 50 
atomizatk}n. up to the undesirable flow regime 
where steam and oil are alternately passed through 
the nozzle with very little mixing ("slugging"). 

Two of the major factors involved In obtaining a 
desired flow characteristic for a feed nozzle are: (1 ) 56 
the amount of steam injected Into the feed nozzie 
with the heavy oa and (2) the supply pressure of the 
heavy oil to the feed nozzle. Steam usage In heavy oil 
feed nozzles performs two functions. RrsHy, It keeps 
the feed nozzle clear from blockage when the feed 60 
oil is removed from the nozzie. Secondly, and more 
importantly, it disperses the heavy oil feed Into fine 
droplets thai improve the contact between the feed 



oil and the coke or catalyst particles. However, since 
the steam introduces a highly compressible compo- 
nent into the oil, its presence has a major effect on 
the hydrodynamics of the steam/oil mixture and, 
therefore introduces a high degree of uncertainty 
into feed nozzle design. The volume of steam to 
volume of oil ratio used in a particular nozzle design 
Is a key factor In obtaining a desired feed nozzle flow 
characteristic. This steam to oil ratk) can be affected 
by a number of different operating conditions 
Including feed viscosities. The supply pressure of 
the heavy oil feed can have a major effect on the 
nozzle flow characteristics as well as flow insta- 
bilities of feed nozzles supplied by a common oil 
manifold. 

In general, obtaining and maintaining designed 
feed atomizatkKi is a difflcutt task and one that is of 
major importance. In fluid bed cokers, poor atomiza- 
tion can lead to immediate local defluidization and 
the formation of targe agglomerates which can 
reduce circulation. In the extreme, so many agglom- 
erates are formed that the entire bed may collapse. 
Poor feed atomization is also considered a cause of 
excessive build up of wall coke In cokers. Run 
limiting 'upsets* of the process are often the result 
of the spalling of large chunks of coke which fall into 
critical regions of the circulation system and disrupt 
the fk>w. In cat crackers feed atomization has a 
direct effect on process yield and product composi- 
tion. 

Until recently, ensuring that feed nozzles are 
operating in the desired flow regime, and maintain- 
ing that conditk>n under changes in feed and 
process conditions has been a matter of trial and 
error. For example nozzles coukj be routinely 
"rodded out" or mechanically cleaned. There has 
been no way of verifying on an operating unit the 
flow regime of the nozzle since there was no direct 
tool to monitor fksw. It has now been found, and this 
is the subject of this patent application, that 
vibrational monitoring of feed nozzles (refen^d to in 
this patent as passive acoustic nozzle monitoring ) 
can give quantttattve Information on the fluid state 
exiting the nozzle. A well atomizing nozzie can be 
easily distinguished from one tfiat is plugged, or that 
Is exhibiting slug flow. Based on the technk^ue of 
passive acoustic nozzle monitoring, operators of a 
fluid t>ed coker or cat cracker can take appropriate 
acttons to restore the desired operating conditions. 
These actions could include changing the relative 
ratk)S of oil and steam, redding or cleaning out the 
nozzle or isolating a "bad nozzle* from the feed 
distribution system. 

According to the invention, there is provided an 
acoustto nozzle monitoring process for correcting 
the operating conditions of a feed nozzle injecting a 
liquid/gas mixture into a process vessel or chamt)er 
so as to maintain the con^ct mixing of said Ik^uid 
and gas exiting the nozzle, comprising: 

(a) determining a Reference Power Spectrum 
(RPS) from a vibratk>nal sensor acousticaiiy 
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coupled to the fluid in said nozzle wTren said 
nozzle Is performing at a standard mixing or 
flow condition which Is the desired operating 
state of the nozzle and where the vibrational 
resonances that characterize the RPS are 
dominated by the energy associated with the 
flow through the nozzle in the frequency range 
over which the Power Spectrum is determined ; 

(b) determining a Current Power Spectrum 
(CPS) at a later time from said vibrational 
sensor when said nozzle is performing at an 
unknown mixing or flow condition; 

(c) comparing the signature of said CPS with 
the signature of said RPS; 

(d) correcting the flow state of the nozzle by 
changing the variables controlling the relative 
volumes of gas and liquid entering the nozzle, 
when the comparison incKcates a departure of 
said unknown condition from said standard 
conditk>n;and 

(e) verifying the return to the desired flow 
state by recognising when the sigriature of the 
CPS substantiaWy exhibits the signature of the 
RPS. 

The present acoustic monitoring process can be 
performed as a passive acoustto process whereby 
ttie current operating state of a feed rtozzfe injecting 
a nrtixture of Bquid and gas into a process vessel can 
be non-intrusively determined using the natural 
occurring energy in fhe nozzle to set up a recogniz- 
able signature of vibratiortai resonances which can 
then be compared to the vibrattonal signature of ttte 
desired operating state of the feed nozzle. If there is 
a significant difference, conrective actions, such as 
cleaning the nozzle or chartging the relative propor- 
tions of the tk|uid and gas, can be undertaken. The 
effect of such corrective acttons to restore the 
nozzle to Its desired operating conditions will t>e 
verified by repeating the same passive acoustic 
process. The process is a passive acoustic process 
s^Tce it senses the naturally occurring vibrations that 
are generated by the nozzle In Its performance. In 
many commerdai situattons of interest to the 
petrochemical Industry the liquid ar>d gas which the 
feed nozzle wiH be injecting Is comprised of oil and 
steam. However, ttie metttod can have wider 
applk^ation in any situation where It is Important to 
maintain specified flow conditk^ns through an kiject- 
ing nozzle carrying a gas-llquki mixture tndudtng 
partteulate laden Hqukjs such as slurries and where 
the relteibiHty of the gas supply can be poor such as 
orifice limiting systems. It is partteutarly applicable to 
manifoUied systems where the nozzles are fed by a 
common manifokl and where ttie piptrtg to the nozzle 
Is complex due to economte constraints. Under 
these circumstances it is dffficutt, if not impossible, 
to achieve a specified fk>w through each nozzle 
without Individual monitoring and "tuning". 

In a feed nozzle where oil and steam mfoc and are 
propelled out of the nozzle by the pressure drop 
across the nozzle, there can exist a variety of 
vibratory resonances in the volumes defined by 
regtons of restricted or turiDulent flow, incfciding the 
noz^ tip. These resonances are concentratk>ns of 
vibrational energy In the fluki or the structure of the 



nozzle in certain frequency ranges and result from 
the excitation of the acoustto and vibratory modes of 
the two phase fluid nozzle system. The multiplicity of 
vibratory resonances of variiable Intensity that occur 
5 over a given frequency range with different magni- 
tudes constitute a signature in the power spectrum 
of the nozzle. The power spectrum itself can be 
obtained in a variety of ways. For example in one 
emtxxitment of this invention, spectral arialysis of 
10 the electrical output of an acceterometer in contact 
with the physical structure of the nozzle or of the 
electrical output of a dynamic pressure transducer in 
contact with the two phase flow within the nozzle, is 
utilised. From the mathematical and vibrational 
15 literature, it is conventional to display In the power 
spectrum the mean square acceteratbn per unit 
frequency range as a functton of frequency, however 
any matfiematk^al function of the mean square 
acceleration per unit frequency range can be utilized 
20 to obtain such a suitable power spectrum although 
some representations wilt be found to be more 
convenient than others. 

The inventors have discovered that this power 
spectrum is stable In time as k»ng as the flow state of 
25 tfte fluid exiting this nozzle is constant and that it can 
thus function as a two dimensional 'signature' or 
"fingerprint' of the fluid state exiting the nozzle. 
Changes in the flow state of the nozzles brought 
about ty changes in the nozzle tip or bore 
30 ("plugging") or by changes in the fluid Inputs 
("slugging") can be detected and corrected by 
appropriate procedures to return the power spec- 
trum to that corresponding to the desired flow state. 
Furthermore, the power spectrum can be used to 
35 confirm that the corrective action has produced a 
return to the desired flow state. Recognition of 
signtfteant charges In the power spectrum can be 
accomplished by a human observer in the case of 
periodic nozzle monitoring or t>y suitable pattern 
40 recognition algorithms in the case of continuous or 
real time nozzle monitoring. Furthermore, the power 
spectrum can be obtained simply and non^ntrusively 
while the nozzle is operating. Examples of the 
correlation between the power spectrum of a 
45 particular nozzle and different fk>w corKlitions from 
that nozzle will be discussed below. The frequency 
range of the power spectrum is chosen so that 
resonances generated by the energy of the opera- 
ting noise of ttie nozzle dominate the power 
50 spectrum. 

It Is surprising indeed that it is possible to fIrKt a 
frequency range where meaningful information can 
be obtained about nozzle flow conditions tiiat Is not 
masked by the background noise level of the 
55 reactor. 

Ur>der certain flow conditions additional infonna- 
tion can be obtained from the time variation of the 
vibratory signal. For example,the fluid exiting the 
nozzle oan be regularly attemating its fk3w state(e.g. 
Intermittent slugging or sputtering or fust unsteady 
fk3W). This Is an undesired state of flow and as such 
will exhibit itsetf in changes in the power spectrum. 
The power spectrum is the fourier transform of the 
time variation of vibrating signal. However, it will also 
$5 be a recognizable feature of the time vartatton of the 
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vibrationat signai and this time agnature can be used 
to complement tlie information contained in the 
power spectrum. Again, examples of the correlation 
between certain time signatures and tt>e flow states 
of the fluid exiting the nozzle will be given below. 

A preferred way of perfomiing Xhe passive 
acoustic nozzle monitormg process includes the 
following steps: 

1. A reference power spectrum (Reference 
Power Spectrum of RPS) is obtained from a 
vibrational sensor in close proximity to the 
nozzle or the fluid contained within when the 
nozzle is atomizing feed in the desired manner. 
This Reference Power Spectrum (RSP) is 
specific to a nozzle of specified mechanical 
dimensions and fliMd corviections and has to be 
determined empiricalty because of the well- 
known complexity of two phase flow. Ctearty 
under steady state conditions the RPS will not 
change. The vibrational sensor is either an 
accelerometer attached to the nozzle sheH or a 
pressure transducer in contact with the fluid 
within the nozzle. The frequency range over 
which the power spectrum is plotted Is chosen 
empiricalty so that the vibrational resonances 
that characterize the power spectrum are 
dominated by energy produced by nozzle flow. 

2. Subsequent current power spectra (Cur- 
rent Power Spectrum or CPS) are taken in 
either real time by a hard wired system 
monitored by a computer or taken periodteally 
by operating personriel at the speciffc nozzle. 

3. Comparison of the RPS with the CPS Is 
made either tiy suitable cc^nputer pattern 
recognition algorithms or visually by personnel 
and changes noted. 

4. Changes in the operating corKJttiona of a 
specific nozzle are then made to restore the 
CPS to the RPS. 

6. The time variation of the vibratory signal 
that accompanies the taking of both the RPS 
and the CPS can be noted and used either by a 
suitable computer algorithm or by obsenmtion 
of personnel to supply complementary informa- 
tion on the time variatkm of the state of fluid 
flow within the nozzle within the measurement 
time. 

The invention will be better understood from the 
following description given by way of example and 
with reference to the accompanying drawings, 
wherein:- 

Figure 1 shows a schematic diagram of one 
form of nozzle performance monitoring system 
according to the present invention. 

Rgure 2 shows a schematic figure of two 
nozzles being fed oil and steam through 
common headers. 

Figure 3 shows ttie relationship between 
signal measured from the accelerometer and 
the power spectrum. 

Figure 4 shows the varlatton of the pcwer 
spectrum as the flow conditions of a nozzle 
vary. The ordinate is in (volts)^ Hz. The abscissa 
is in Hz. Ail pressures, P, are in F^l. 

Rgure 5 is another example of ttie variation of 



the power spectrum as the flow conditions of 
the nozzle vary. The ordinate Is in (votts)^ /Hz. 
The absclsaa is in Hz. All pressures, P, are in 
PSl, 

5 Rgure 6 shows the spectra of a nozzle 

obtained with a pressure transducer for a 
variety of flow conditions. Tlie ordinate is the log 
of RMS pressure. The abscissa is in Hz from 0 
to 32000 Hz. 

10 Figure 7 shows tfie time variation of the 

vibrating signal and the conresponding power 
spectrum for the same nozzle conditions. 

Rgure 8 shows the time variation of ttie 
vibrating signal for normal oil flow and unstable 
IS oil flow. 

Oisctosed hereinbelow is a method for non-intnf- 
slvety detenrynlng if the ik^uid-gas mixture exiting a 
nozzle has departed from desired operating condi- 
tions, if it has, then the operating conditions of the 
so nozzle are changed to return to the desired flow 
conditions, or the nozzle Is cleaned, or removed 
from service. The method wilt be illustrated and 
described by a heavy feed fluid bed thermal 
conversion process such as in a fluid bed coker 
25 where the nozzle contains feed oil and steam. 
However, it is not limited to petrochemical applica- 
tions but to any situation where nozzle performance 
is to be monitored, and In particular where it is 
difflcult to directly monitor flow through a specific 
30 nozzle and where the fluid being carried, or the 
nozzle environment, leads to a high probability of 
unreliable nozzle performance. 

Figure 1 shows a schematic diagram of a 
representative coker feed nozzle 4 inserted through 
35 a coker wall 7. Fluid bed cokers can contain 
anywhere from twenty to sixty such nozzles injecting 
feed at tfie rate of approxffm^ely ten to fifty ^k>ns a 
minute. In one embodiment of the invention, an 
accelerometer 5 Is placed in dose proximity to the 
40 nozzle 4. In Rgure 1, the accelerometer 5 is placed 
on the redding plug 6, but any location In proximity to 
the nozzle and where the accelerometer Is sensitive 
to changes in flow conditiorts is acceptable. 
As shown in Figure 2, for a given reactor, several 
45 nozzles 4 and 11 may be interconnected so that 
steam arKi oil are suppled through a steam header 
14 and oil header 16 to all nozzles simultaneously. In 
this case, the perfomiance of one nozzle (upstream) 
can affect the power spectra observed for another 
50 (discussed below). 

The electrical signai for the accelerometer is 
proportional to the nozzles vibration intensity and a 
pk)t of the mean sqime acceleration per unit 
frequency range or simple mathematical operations 
55 on this quantity (e.g. taking tiie square root of this 
quantity and multiplying by a constant to fonm a plot 
of the root mean square acceleratton or taking the 
logarithm of the quantity to form a 'db' plot) is an 
appropriate power spectrum for the purpose of the 
60 present disclosure. In one use the sensor signal Is 
amplifled and transnMed by an appropriate data link 
to a control room as shown in Figure 1 . in the control 
room, the signal is processed by a spectrum 
analyzer or fast fourier transform signal processor. 
65 Also in the control room by an appropriate algorithm, 
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the RPS is displayed and stored in memory. Similarly 
current power spectra or CPS are taken in real time 
and by a suitable pattern recognition algorithm 
compared to the RPS. Changes between the CPS 
and the RPS are brought to the attention of ttie 
operator to Indicate changes in the flow regime of a 
specific nozzle for sut)sequent correction. 

To assist the operator in interpreting the changes 
In the CPS from the RPS, a "dictionary" of 
characteristic CPS associated with specific flow 
conditions can be contained in memory and dis- 
played to indicate the direction of changes to be 
made. Again the "dictionary" is feed nozzle specific 
and has been generated empirically due to the well 
Known complexity of two phase flow In complex 
piping. The determination of a dictionary is illustrated 
and described t>elow. 

In addition an analysis of the time variation of the 
real time sigraU from the accelerometer sensor (time 
signature) is used to detect the presence of 
unstable f!ow during the measurement time. 

Alternatively^ the vibratory signal from the accele- 
rometer can be processed at the nozzle by a 
portable spectmm analyzer operated by a technician 
and changes in the CPS from the RPS noted and 
corrective action talcen with respect to a nozzle can 
be taken immediately at the nozzle k>cation. 

In another embodiment, the accelerometer 5 is 
replaced by a dynamk: pressure trar^ucer 8 in 
contact with the fluid. In this case, the transducer 
penetrates the rodding plug to contact the flukl. 
Alternately, the transducer 8 may be located else* 
where atong the nozzle (see Fig. 1). The frequency 
dependent pressure can be used to g^erate a 
power spectrum to serve as an RPS or a CPS. 

Figure 3 esditbits the relationship between the 
time varying electricai signal produced either by an 
accelerometer in contact with the mechanical shell 
of a feed nozzle or a pressure transducer in contact 
with the two phase mbcture within ttie nozzle and the 
frequency distributton of the vibrattonai energy 
generated by the nozzle in its operation. It also 
shows the square of that signal as a function of time 
and frequency and exhibits the well known relation- 
ship between the area under the power spectrum 
and the mean square signal (mean sqiare accelera- 
tion or mean square pressure fluctuation when the 
transducers are correctly ca]it>rated) produced by 
the vibratk>nal sensor. 

Determining Of Dtottonary For a Nozzle 

A dictk>nary for a given nozzle is obtained by 
doing a power spectrum analysis for different ftow 
condlttons. Figure 4 shows a sequence of power 
spectra of a nozzle for chartges In flow conditions as 
induced by oil flow ct^nges by valve (1) in Fig. 1 or 
steam flow changes by valve 2 In Fig. 1 , or conditk>ns 
of nozzles upstream on the same oH and steam 
headers. 

FigiTO 4(a) shows a power spectrum for a nozzle 
v«^iere the oil and steam are set at normal pressure 
of 175 but which exhibits imstable and undesirable 
fkvw. The pressure Is measured at point 10 in Figure 
1. The nozzle is then rodded and cleaned. Figures 
4(b). 4(c), 4(d) and 4(e) show a power spectra of the 



nozzle as oil flow is reduced with some steam input 
until the oil flow is shut off. The pressures. P, are 150, 
130, 100 and 20. respectively. There Is no chugging. 
Rgure 4 (f) shows the power spectrum for the nozzle 
5 after normal oil and steam flow are resumed. 
Pressure is 175 and there is no chugging. Figure 4(g) 
shows the power spectrum for the nozzle with the 
steam shut off and only oil flow. Pressure is 300. 
Figure 4(h) shows the power spectrum of the nozzle 
10 after normal oil and steam flow are resumed. The 
pressure is 175 and there is no chugging. 

Nozzle malfunctions resulting from an inadequate 
mixing of feed and steam may be correlated to the 
various open and closed valves as presented and 
15 discussed in Figure 4. These include: partial or 
complete blockage of the nozzle due to deposits, oil 
off, steam off. improper proportions of steam to oil. 
fluctuating flow or chugging, as well as poor 
atomization. time dependent shifts in flow between 
20 two nozzles on the same feed ring as well as 
physically damaged nozzles. Figures 5 is another ^ 
example of power spectra ger^erated by an accele- 
rometer in contact with the shell of the nozzle 
corresponding to such states. Rgure 5 sIkiws 
25 acceleratk>n power spectra taken for a different feed 
nozzle under different flow conditions. Pressure is 
measured at point 10 in Figure 1. 

Rgure 5(a) sliows the power spectrum for the 
nozzle while It Is plugged (no flow). Figure 5(b) 
30 shows the power spectrum of the nozzle when it is 
chugging showing unstable flow. Tl>e pressure Is 
183. Figure 5(c) shows the power spectrum of the 
nozzle after is has t)een cleared showing stat>ie flow. 
The pressm is again 183. Figure 5(d) shows the 
35 power spectrum of the nozzle with only oil flow 
(steam off). Pressure is 300. Rgure 5(e) shows the 
power spectrum of the nozzle with ortly steam flow 
(oil off). Pressure Is 50. Rgure 5(f) shows the power 
spectrum of the nozzle when another nozzle 
40 upstream on the same oil arKi steam headers is 
plugged. In this case, pressure is measured at point 
12 in Figure 1. It Is Important to note that despite 
differences between the power spectra of Figure 4 
and 5. each is a "flngerprint" of ftow states. 
45 An accelerometer will often be the vibrational 
transducer of chote© for generation of the RPS and 
CPS. However a pressure transducer is an alterna- 
tive that exhibits some advantages. It is often 
possible to place the pressure transducer at a 
50 looatton where it can not be inadvertently damaged 
vrtien cleaning a nozzle. There Is no difference In the 
frequency coverage between an accelerometer and 
a pressure trar\sducer for the vibratory signals of 
Interest to passive acoustk: feed nozzle monitoring. 
55 Furthermore, the efficiency of a pressure transducer 
In contact with the fluid is litfle affected by a buHd up 
of coke or other solids on its active surface since it Is 
acoustto rather that mechanteal contact that is 
important. 

eo As discussed above, a dynamto pressure trans- 
ducer (8) in contact with the fluid within the feed 
nozzle at a flxed locatton on the feed nozzle may be 
used to obtain a power spectrum. The power 
spectrum from such a transducer is shown in 

65 Fig. 6(a) throu^ 6(f) show the power spectra of a 
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nozzle when it is operating conectty (6a). steam only 
(6b)» same steam, reduced ofl (6c). ofl. no steam (6d) 
induced slugging by adding steam (6e) and nozzle 
instability induced by plugging up-stream nozzle 
(6f). A log scale is used for these figures to give 5 
greater dynamic range. 

From the above flgures. It is clear that the 
pressure transducer produces an equally distinct 
power spectrum to function as a CPS or RPS as 
does the accelerometer generated power spectrum. 10 
However the pressure transducer generated power 
spectrum is simpler in that It contains a smaller 
number of peaks and hence more changes in it are 
more readily recognized by either a human observer 
in the case of periodic nozzle monitoring or by 15 
simpler computer pattern recognition algorithm in 
the case of continuous or real time nozzle monitor- 
ing. 

The simplicity of the pressure transducer gener- 
ated power spectrum can be understood if we note 20 
that the peaks in the power spectrum arise from 
resonances in the fluid contained in the bore or 
ancillary tubing of the feed nozzle which have been 
excited by broadband noise from the f\\M exiting the 
nozzle tip. The peaks In the power spectrum 25 
generated by the accelerometer in contact with the 
nozzle shell contain as weH vibrational resonances 
associated with the mechanical vitKatk>nal modes of 
the nozzle as well as stntcturai modes of the 
process vessel. Using the concept of acoustto 30 
impedance, it is easily shown that the signals 
produced by resonances fri the fluW are favored over 
other resonances when measured in the fluid by a 
factor of almost 100. Apart from this met, another 
advantage for the pressure transducer generated 35 
CPS is that it may often be advantageous to use a 
pressure transducer for convenierjce of locatkMi and 
protection from unintended damage during nozzle 
maintenance. 

As discussed above, the time variatk>n of the 40 
vBsrational signal also may be used to obtain 
informatton regarding the state of the flow of fluW In 
the nozzle. Figure 7(b) shows the time variatkin of 
the vibrating signal and the correspondir^g Fourier 
transform in Figure 7(a), the power spectrum as a 45 
fur>ctk}n of frequency for a chugging nozzle. It Is 
sometimes more corwenlent to use the time vari- 
ation of the probe signal to detect unstable flow. 
Fig. 8 compares the time variation for stable oil flow 
fa) and unstable oil flow, chugging (b). SO 



nozzle when said nozzle (4) Is performing 
at a standard mixing or flow cor>dition 
which is the desired operating state of the 
nozzle and where the vibrational resonan- 
ces that characterize the RPS are domi- 
nated by the energy associated with the 
flow through the nozzle in the frequency 
range over whteh the Power Spectrum is 
determined; 

(b) determining a Current Power Spec- 
trum (CPS) at a later time from said 
vibrational sensor when said nozzle is 
perfomning at an unknown mixing or flow 
condition; 

(c) comparing the signature of said CPS 
with the signature of said RPS; 

(d) correcting the flow state of the 
nozzle by changing the variables controll- 
ing the relative volumes of gas and Gquid 
entering the nozzle, when the comparison 
Indteates a departure of said unknown 
condition from saki standard condition; 
and 

(e) verifying the return to the desired 
flow state by recognising when the signa- 
ture of the CPS substantially exhibits the 
signature of the RPS. 

2. A process as claimed in claim 1, wherein 
sakl vibrational sensor is an accelerometer (5). 

3. A process as claimed in claim 1, wherein 
said vibrattonai sensor is a dynamic pressure 
transducer (8) in contact with the fluid mbcture 
in the nozzle. 



Claims 



55 



1 . An acoustic nozzle monitoring process for 
connoting the operating conditions of a feed 
nozzle (4) injecting a liquid/gas mixture Into a 
process vessel or chamt}er so as to n^taln 
the correct nuxing of said liquid and gas exiting 
the nozzle, comprising: 

(a) determining a Reference Power 
Spectrum (RPS) from a vibratk>nal sensor 
acoustically coupled to the flukl in said 
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Description 

The present invention relates to an acoustic 
nozzle nnonitoring process and in particular, though 
not exclusively t to a process to monitor and control 
feed atonnization in fluidized bed reactors or trans- 
fer lines. Petrochemical processes that depend on 
fluidized beds or transfer lines include the thermal 
cracking of heavy oils in processes described as 
"fluid bed coking" or "flexicoking", and the cata- 
lytic cracking of complex hydrocarbons in the pro- 
cess called "catalytic cracking" or "cat-cracking". 
Such processes are major components of modem 
refineries which use them to convert more and 
more difficult feedstocks into petroleum products of 
great added value. 

One key component of either fluid bed coking 
or cat cracking is the feed nozzle. Feed nozzles 
are designed to finely atomize heavy oil In order to 
allow dispersion of a thin, uniform oil layer on 
approximately 150 micron coke particles (fluid bed 
coking) or approximately 60 micron catalyst par- 
ticles (cat cracking). Maintaining the performance 
of these feed nozzles through the multi-year run- 
ning cycle of a refinery is very important to operat- 
ing stability and high value product yiekjs. How- 
ever, maintaining the performance of these feed 
rwzzles can be complicated by several factors. For 
example the oil feed to the feed nozzles is typically 
very viscous and the composition of the oil is 
highly variable. Under these conditions, small 
changes in the temperature of the oil feed can 
have a dramatic effect on the performance of the 
nozzle. Furthermore, the feed nozzle is inserted in 
a harsh environment where erosion by particles 
and plugging by process deposits can t»oth ad- 
versely affect feed nozzle performance. In additton 
the feed nozzles usually receh^e feed and steam 
from manifolds that supply a multiplicity of feed 
nozzles. Under these circumstances it is difficutt. if 
not impossible, to ensure that each nozzte is carry- 
ing a desired flow without monitoring the specific 
nozzle. 

Of equal importance, is the fact that the feed 
nozzles used in fluid bed coking and cat cracking 
contain a two phase mixture of non-ideal flukis 
namely steam and heavy oil. Because of the non- 
ideal nature of these mixtures, feed nozzles typi- 
cally operate in a number of flow regimes. These 
range from tfie desired stable ftow regime where 
the steam and oil are finely mixed to provide the 
desired atomtzation. up to the undesirable flow 
reginr\e where steam and oil are attemately passed 
through the nozzle with very little mixing 
("slugging"). 

Two of the major factors involved In ol>tBining a 
desired fk)w characteristic for a feed nozzle are: (1) 
the amount of steam injected into the feed nozzle 



with the heavy oil and (2) the supply pressure of 
the heavy oil to the feed nozzle. Steam usage in 
heavy oil feed nozzles performs two functions. 
Firstly. It keeps the feed nozzle clear from bloc- 
5 kage when the feed oil is removed from the nozzle. 
Secondly, and more importantly, it disperses the 
heavy oil feed into fine droplets that improve the 
contact between the feed oil and the coke or cata- 
lyst particles. However, since the steam introduces 
10 a highly compressible component into the oil, its 
presence has a major effect on the hydrodynamics 
of the steam/oil mixture and, therefore introduces a 
high degree of uncertainty into feed nozzle design. 
The volume of steam to volume of oil ratio used in 
15 a particular nozzle design is a key factor in obtain- 
ing a desired feed nozzle flow characteristic. This 
steam to oil ratio can be affected by a numt>er of 
different operating conditions including feed viscos- 
ities. The supply pressure of the heavy oil feed can 
20 have a major effect on the nozzle flow characteris- 
tics as well as flow instabilities of teed nozzles 
supplied by a common oil manifold. 

In general, obtaining and maintaining designed 
feed atomization is a difficutt task and one that is of 
25 major importance. In fluid bed cokers, poor atom- 
ization can lead to immediate local defluidization 
and the formation of large agglomerates which can 
reduce circulation. In the extreme, so many ag- 
glomerates are formed that the entire bed may 
30 collapse. Poor feed atomization is also considered 
a cause of excessive build up of wall coke tn 
cokers. Run limiting "upsets" of the process are 
often the result of the spalling of large chunks of 
coke which fall into critical regions of the circulation 
3S system and disrupt the flow. In cat crackers feed 
atomization has a direct effect on process yield 
and product composition. 

Until recently, ensuring that feed nozzles are 
operating in the desired flow regime, and maintain- 
4o ing that condition under changes in feed and pro- 
cess conditions has been a matter of trial and 
error. For example nozzles could be routinely 
"redded out" or mechanically cleaned. There has 
been no way of verifying on an operating unit, the 
45 flow regime of the nozzle since there was no direct 
tool to monitor flow. It has now been found, and 
this is the suk^ject of this patent application, that 
vibrational monitoring of feed nozzles (referred to In 
this patent as passive acoustic nozzle monitoring ) 
50 can give quantitative information on the fluid state 
exiting the nozzle. A well aton>izlng nozzle can t>e 
easily distinguished from one tiiat is plugged, or 
that is exhibiting slug flow. Based on the technique 
of passive acoustic nozzle monitoring, operators of 
55 a fluid k>ed coker or cat cracker can take appro- 
priate actions to restore the desired operating con- 
ditions. These actions could include changing tJt\e 
relative ratios of oil and steam, redding or cleaning 
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out the nozzle or isolating a "t)ad nozzle" from the 
feed distribution system. 

According to the invention, there is provided an 
acoustic nozzle monitoring process for correcting 
the operating conditions of a feed nozzle injecting a 
liquid/gas mixture into a process vessel or chamber 
so as to maintain the correct mixing of said liquid 
and gas exiting the nozzle, comprising: 

(a) determining a Reference Power Spectrum 
(RPS) from a vibrational sensor acoustically 
coupled to the fluid in said nozzle when said 
nozzle is performing at a standard mixing or 
flow condition which is the desired operating 
state of the nozzle arid where the vibrational 
resonances that characterize the RPS are domi- 
nated by the energy associated with the flow 
through the nozzle in the frequency range over 
which the Power Spectrum is determined; 

(b) determining a Current Power Spectrum 
(CPS) at a later time from said vibrational sensor 
when said nozzle is performing at an unknown 
mixing or flow condition; 

(c) comparing the signature of said CPS with the 
signature of said RPS; 

(d) correcting the flow state of the nozzle by 
changing the variables controlling the relative 
volumes of gas and liquid entering the nozzle, 
when the comparison indicates a departure of 
said unknown corKiition from said standard con- 
dition; and 

(e) verifying the return to the desired flow state 
by recognising when the signature of the CPS 
substantially exhibits the signature of the RPS. 

The present acoustic monitoring process can 
be performed as a passive acoustic process where- 
by the current operating state of a feed nozzle 
injecting a mixture of liquid and gas into a process 
vessel can be norHntrusively determined using ttie 
natural occurring energy in the nozzle to set up a 
recognizable signature of vibrational resonances 
which can then be compared to the vibrational 
signature of the desired operating state of the feed 
nozzle. If there is a significant difference, conrective 
actions, such as cleaning the nozzle or changing 
the relative proportions of the liquid and gas. can 
be undertaken. The effect of such conrective ac- 
tions to restore the nozzle to its desired operating 
conditions will be verified by repeating the same 
passive acoustic process. The process is a passive 
acoustic process since it senses the naturally oc- 
curring vibrations that are generated by the nozzle 
in its performance. In many commercial situations 
of interest to the petrochemk:al industry the tk^uid 
and gas which the feed nozzle will be injecting is 
comprised of oil and steam. However, the n^ethod 
can have wkler application in any situation where it 
is important to maintain specified flow conditions 
through an injecting nozzle carrying a gas-liquuj 



mixture including particulate laden liqukjs such as 
slurries and where the reliability of the gas supply 
can be poor such as orifice* limiting systems. It is 
particularly applicable to manifokled systems 
5 where the nozzles are fed by a common manifold 
and where the piping to the nozzle is complex due 
to economk: constraints. Under these circum- 
stances it is difficult, if not impossible, to achieve a 
specified flow through each nozzle without individ- 
10 ual monitoring and "tuning". 

In a feed nozzle where oil and steam mix and 
are propelled out of the nozzle by the pressure 
drop across the nozzle, there can exist a variety of 
vibratory resonances in the volumes defined by 
75 regions of restricted or turtnilent flow, including the 
nozzle tip. These resonances are concentrations of 
vibrational energy in tfie fluid or the structure of the 
nozzle in certain frequerrcy ranges and result from 
the excitation of the acoustic and vibratory modes 
20 of the two phase flukJ nozzle system. The multiplic- 
ity of vibratory resonarrces of variable intensity that 
occur over a given frequency rar»ge with different 
magnitudes constitute a signature in the power 
spectrum of tfie nozzle. The power spectrum itself 
26 can be obtained In a variety of ways. For example 
in one embodiment of this invention, spectral ana- 
lysis of the electrical output of an accelerometer in 
contact with the physk:al structure of the nozzle or 
of the electrical output of a dynamic pressure tran- 
^ sducer in contact with the two phase flow within the 
nozzle, is utilised. From the mathematical and vi- 
brational literature, it is conventional to display in 
the power spectrum the mean square acceleration 
per unit frequerrcy range as a function of fre- 
35 quency, however any mathematical function of the 
mean square acceleration per unit frequency range 
can be utilized to obtain such a suitable power 
spectrum although some representations will be 
found to be more convenient than others. 
40 The inventors have discovered that this power 
spectrum is stable in time as long as the fk)w state 
of the fluid exiting the nozzle is constant and that it 
can thus function as a two dimensional "signature" 
or "fingerprint" of the fluid state exiting the nozzle. 
45 Changes in the fkm state of the nozzles brought 
about by changes in the nozzle tip or tx>re 
("pluQging") or by changes in the fluid inputs 
("slugging") can be detected and corrected by 
appropriate procedures to return the power spec- 
50 trum to that conresponding to the desired fk>w 
state. FurthernK)re, the power spectrum can be 
used to confirm that the conective action has pro- 
duced a return to the desired fbw state. Recogni- 
tion of significant changes in the power spectrum 
55 can be accomplished by a human ot>server in the 
case of periodic nozzie monitoring or by suitable 
pattern recognition algorithms in the case of con- 
tinuous or real time nozzle monitoring. Further- 
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more, the power spectrum can be obtained simply 
and non-intrusively white the nozzle is operating. 
Examples of the correlation t^etween the power 
spectrum of a particular nozzle and different flow 
conditions from that nozzle will be discussed be- 
low. The frequency range of the power spectrum is 
chosen so that resonances generated by the en- 
ergy of the operating noise of the nozzle dominate 
the power spectrum. 

It is surprising indeed that it is possible to find 
a frequency range where meaningful information 
can be obtained about nozzle flow conditions that 
Is not masked by the background noise level of the 
reactor. 

Under certain flow conditions additional infor- 
mation can be obtained from the time variation of 
the vibratory signal. For exampte.the fluid exiting 
the nozzle can be regularly alternating its ftow state 
(e.g. intermittent slugging or sputtering or just un- 
steady flow). This is an undesired state of flow artd 
as such will exhibit itself in changes in the power 
spectrum. The power spectrum is the fourier trans- 
form of the time variation of vibrating signal. How- 
ever, it will also be a recognizable feature of the 
time variation ot the vibrational signal and this time 
signature can be used to complement the informa- 
tion contained in the power spectrum. Again, exam- 
ples of the con-elation between certain time signa- 
tures and the flow stales of the fluid exiting the 
nozzle will t>e given below. 

A preferred way of perfonming the passive 
acoustic nozzle monitoring process includes the 
following steps: 

1. A reference power spectrum (Reference Pow- 
er Spectrum or RPS) is obtained from a vibra- 
tional sensor in close proximity to the nozzle or 
the fluid contained within when the nozzle is 
atomizing feed in the desired manner. This Ref- 
erence Power Spectrum (RSP) is speciflc to a 
nozzle of specified mechanical dimensions and 
fluid connections and has to be detenmined em- 
pirically t>ecause of the well-known complexity 
ot two phase flow. Cteariy under steady state 
conditions the RPS will not change. The vibra- 
tional sensor is either an accelerometer attached 
to the nozzle shell or a pressure transducer in 
contact with the fluid within the nozzle. The 
frequency range over which the power spectrum 
Is plotted is chosen empirically so that the vibra- 
tional resonances that characterize the power 
spectrum are dominated by energy produced by 
nozzle flow. 

2. Sut)sequent current power spectra (Cunrent 
Power Spectrum or CPS) are taken in either real 
time by a hard wired system monitored by a 
computer or taken periodically by operating per- 
sonnel at the specific nozzle. 



3. Comparison of the RPS with the CPS is made 
either by suitable computer pattern recognition 
algorithms or visually by personnel and changes 
noted. 

5 4. Changes in the operating conditions of a 
speciflc rtozzle are then made to restore the 
CPS to the RPS. 

5. The time variation of the vibratory signal that 
accompanies the taking of both the RPS and the 
ro CPS can be noted and used either by a suitable 
computer algorithm or by observation of per- 
sonnel to supply complementary information on 
the time variatton of the state of fluid ftow within 
the nozzle within the measurement time. 
75 The invention will be better understood from 
the following description given by way of example 
and with reference to the accompanying drawings, 
wherein:- 

Rgure 1 shows a schematic diagram of one 
20 form of nozzle performance monitoring system 
according to the present invention. 
Figure 2 shows a schenriatic figure of two noz- 
zles t»eing fed oil and steam through common 
headers. 

25 Figure 3 shows the relationship t>etween signal 
measured from the accelerometer and the pow- 
er spectrum. 

Figure 4 shows the variatton of the power spec- 
trum as the flow conditions of a nozzle vary. The 
30 ordinate is in (volts)^ Hz. The abscissa is in Hz. 
All pressures. P. are in PSI (l PSI = 6894.76 
Pa). 

Rgure 5 is another example of the variation of 
the power spectrum as ttie ftow conditions of the 
35 nozzle vary. The ordinate is in (voits)^ /Hz. The 
abscissa is in Hz. All pressures, P. are in PSI (1 
PSI = 6894.76 Pa). 

Rgure 6 shows the spectra of a nozzle obtained 
with a pressure transducer for a variety of flow 

40 conditions. The ordinate is the log of RMS pres- 
sure. The abscissa is in Hz from 0 to 32000 Hz. 
Rgure 7 shows the time variation of the vibrat- 
ing signal and the corresponding power spec- 
trum for the same nozzle conditions. 

45 Rgure 8 shows the time variation of the vibrat- 
ing signal for normal oil fk>w and unstable oil 
flow. 

Disclosed hereinbelow is a method for non- 
intrusivety determining if the Ikjuid-gas mixture ex- 

50 iting a nozzle has departed from desired operating 
conditions. If it has, then the operating conditions 
of the nozzle are changed to return to the desired 
flow conditions, or the nozzle is cleaned, or re- 
moved from service. The method will be illustrated 

55 and described by a heavy feed fluid bed thermal 
conversion process such as in a fluid bed coker 
where the nozzle contains feed oil and steam. 
However, it is not limited to petrochemical applica- 
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tions but to any situation where nozzle performance 
is to be monrtored, and in particuiar where rt Is 
difficult to directly monitor flow through a specific 
nozzle and where the fluid being canied. or the 
nozzle environment, leads to a high probability of 
unreliable nozzle performance. 

Figure 1 shows a schematic diagram of a re- 
presentative coker feed nozzle 4 Inserted through a 
coker wall 7, Ruid bed cokers can contain any- 
where from twenty to sixty such nozzles injecting 
feed at the rate of approximately ten to fifty galk>ns 
(1 gallon = 3,78 liter) a minute. In one embodiment 
of the invention, an accelerometer 5 Is placed In 
close proximity to the nozzle 4. In Figure 1, the 
accelerometer 5 is placed on the redding plug 6. 
but any location in proximity to the nozzle and 
where the accelerometer is sensitive to char\ges in 
flow conditions is acceptable. 

As shown in Figure 2. for a given reactor, 
several nozzles 4 and 1 1 may be interconnected so 
that steam and oil are supplied through a steam 
header 14 and oil header 16 to all nozzles simulta- 
neously. In this case, the performance of one noz- 
zle (upstream) can affect the power spectra ob- 
served for another (discussed t>elow). 

The eiectrlcai signal for the accelerometer is 
proportional to the nozzles vibration intensity and a 
plot of the mean square acceleration per unit fre- 
quency range or simple mathematical operations 
on this quantity (e.g. taking the square root of this 
quantity and multiplying by a constant to form a 
plot of the root mean square acceleration or taking 
the logarithm of the quantity to form a "db" ptot) is 
an appropriate power spectrum for the purpose of 
the present disctosure. In one use the sensor signal 
is amplified and transmitted by an appropriate data 
link to a control room as shown in Figure 1 . In the 
control room, the signal is processed by a spec- 
trum analyzer or fast fourier transform signal pro- 
cessor. Also in the control room by an appropriate 
algorithm, the BPS is displayed and stored In 
memory. Similarly current power spectra or CPS 
are taken in real time and by a suitable pattern 
recognition algorithm compared to the BPS, 
Changes between the CPS and the BPS are 
brought to the attention of the operator to indicate 
changes in the flow regime of a specifk: nozzle for 
subsequent correction. 

To assist the operator in interpreting the 
changes in the CPS from the BPS, a "dictionary" 
of characteristic CPS associated with specific flow 
conditions can be contained in memory and dis- 
played to indicate the direction of changes to be 
made. Again the "dictionary" is feed nozzle spe- 
cific and has been generated empirically due to the 
well known complexity of two phase flow in com- 
plex piping. The determination of a dictionary is 
Illustrated and described betow. 



In addition an analysis of the time variation of 
the real time signal from the accelerometer sensor 
(time signature) is used to detect the presence of 
unstable flow during the measurement time. 

5 Alternatively, the vibratory signal from the ac- 

celerometer can be processed at the nozzle by a 
portable spectrum analyzer operated by a techni- 
cian and changes in the CPS from the BPS noted 
and corrective action taken with respect to a nozzle 

70 can be taken immediately at the nozzle location. 

In another emt»odiment, the accelerometer 5 is 
replaced by a dynamic pressure transducer 8 in 
contact with the fluid. In this case, the transducer 
penetrates the rodding plug to contact the fluid. 

15 Alternately, the transducer 8 may t>e located else- 
where atong the nozzle (see Fig. 1). The frequency 
dependent pressure can be used to generate a 
power spectrum to serve as an BPS or a CPS. 
Figure 3 exhibits the relationship between the 

20 time varying electrical signal produced either by an 
accelerometer in contact with the mechanical shell 
of a feed nozzle or a pressure transducer in con- 
tact with the two phase mixture within the nozzle 
and the frequency distribution of the vibrational 

2S energy generated by the nozzle in its operabon. It 
also shows the square of ttmt signal as a functk)n 
of time and frequency and exhit>its the well known 
relationship t)etw8en the area under the power 
spectrum and the mean square signal (mean 

30 square acceleration or mean square pressure fluc- 
tuation when the transducers are conrectly cali- 
brated) produced by the vibrational sensor. 

Determining Of Dictionary For a fizzle 

35 

A dictionary tor a given nozzle is obtained by 
doing a power spectrum ar^ysis for different flow 
conditions. Rgure 4 shows a sequertce of power 
spectra of a nozzle for changes in flow conditions 

40 as induced by oil flow changes by valve (1) in Fig. 
1 or steam flow changes by valve 2 in Fig. 1, or 
conditions of nozzles upstream on the same oil and 
steam headers. 

Rgure 4(a) shows a power spectrum for a 

45 nozzle where the oil and steam are set at normal 
pressure of 175 but which exhibits unstable and 
undesirable flow. The pressure is measured at 
point 10 in Rgure 1. The nozzle is then rodded and 
cleaned. Figures 4(b), 4(c), 4(d) and 4(e) show a 

50 power spectra of the nozzle as oil ftow is reduced 
with some steam input until the oil flow is shut off. 
The pressures, P, are 150, 130, 100 and 20, re- 
spectively. There is no chugging. Figure 4 (f) 
shows the power spectrum for the nozzle after 

55 normal oil and steam flow are resumed. Pressure is 
175 and there is no chugging. Rgure 4<g) shows 
the power spectrum for the nozzle with the steam 
shut off and only oil ftow. Pressure is 300. Figure 
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4(h) shows the power spectrum of the nozzle after 
normal oil and steam flow are resumed. The pres- 
sure is 175 and there is no chugging. 

Nozzle malfunctions resulting from an inad- 
equate mixing of feed and steam may be cor- 
related to the various open and closed valves as 
presented and discussed in Figure 4. These in- 
clude: partial or complete blockage of the nozzle 
due to deposits, oil off, steam off. improper propor- 
tions of steam to oil, fluctuating flow or chugging, 
as well as poor atomization, time dependent shifts 
in flow between two nozzles on the same feed ring 
as welt as physically damaged nozzles. Figures 5 
is another example of power spectra generated by 
an accelerometer in contact with the shell of the 
nozzle corresponding to such states. Figure 5 
shows acceleration power spectra taken for a dif- 
ferent feed nozzle under different flow conditions. 
Pressure is measured at point 10 in Figure 1. 

figure 5(a) shows the power spectrum for the 
nozzle while tt is plugged (no flow). Figure 5(b) 
shows the power spectrum of the nozzle when it is 
chugging showing unstable flow. The pressure is 
183, figure 5(c) shows the power spectrum of the 
nozzle after is has been cleared showing stable 
flow. The pressure is again 183. figure 5(d) shows 
the power spectrum of the nozzle with only oil flow 
(steam off). Pressure is 300. Figure 5(e) shows the 
power spectrum of ttie nozzle with only steam flow 
(oil off). Pressure is 50. figure 5(0 sfwws the 
power spectrum of the nozzle when another nozzle 
upstream on the same oil and steam headers is 
plugged. In this case, pressure is measured at 
point 12 in figure 1. ft is important to note that 
despite differences between the power spectra of 
figure 4 and 5, each is a "fingerprint" of flow 
states. 

An accelerometer will often be the vibrational 
transducer of choice for generation of the RPS and 
CPS. However a pressure transducer is an after- 
native that exhibits some advantages. It is often 
possible to place the pressure transducer at a 
location where it can not be inadvertently damaged 
when cleaning a nozzle. There is no difference in 
the frequency coverage between an accelerometer 
and a pressure transducer for the vibratory signals 
of interest to passive acoustic feed nozzle monitor- 
ing. Furthermore, the efficiency of a pressure trans- 
ducer in contact with the fiukJ is little affected by a 
build up of coke or other solids on its active 
surface since it is acoustic rather that mechanical 
contact that is important. 

As discussed atx>ve, a dynamic pressure trans- 
ducer (8) in contact with the fluid within the feed 
nozzfe at a fixed location on the feed nozzle may 
be used to obtain a power spectrum. The power 
spectrum from such a transducer is shown in Rg. 
6(a) through 8(f) show the power spectra of a 



nozzle wf)en it is operating correctly (6a), steam 
only (6b), same steam, reduced oil (6c), oil, no 
steam (6d) induced slugging by adding steam (6e) 
and nozzle instatxiity induced by plugging up- 

5 stream nozzle (6f). A log scale is used for tfiese 
figures to give greater dynamic range. 

From the above figures, it is clear that the 
pressure transducer produces an equally distinct 
power spectrum to function as a CPS or RPS as 

70 does the accelerometer generated power spectrum. 
However the pressure transducer generated power 
spectrum is simpler in that it contains a smaller 
number of peaks and hence more changes in It are 
more readily recognized by either a human ot>- 

/5 server in the case of periodic nozzle monitoring or 
by simpler computer pattern recognition algorithm 
in the case of continuous or real time nozzle moni- 
toring. 

The simplicity of the pressure transducer gen- 

20 erated power spectrum can t>e understood if we 
note that the peaks in the power spectrum arise 
from resonaiKes in the fluid contained in the bore 
or ancillary tutxng of the feed nozzle which have 
been excited by broadband noise from the fluid 

26 exiting the nozzle tip. The peaks in the power 
spectrum generated by the accelerometer in con- 
tact with the nozzle shell contain as well vibrational 
resonances associated with the mechank:al vibra- 
tional modes of the nozzle as well as structural 

30 modes of the process vessel. Using the concept of 
acoustic impedance, it is easity shown that the 
signals produced by resonances in the fluid are 
favored over other resonances when measured in 
the fluid by a factor of alnrtost 100. Apart from this 

35 fact another advantage for the pressure transducer 
generated CPS is that it may often be advanta- 
geous to use a pressure transducer for conve- 
rgence of k>cation artd protection from unintended 
damage during nozzle maintenance. 

40 As discussed above, the time variation of the 

vit)rational signal also may be used to obtain in- 
formation regarding the state of the flow of fluid in 
the nozzle. Figure 7(b) shows the time variation of 
the vibrating signal and the corresponding Fourier 

46 transform in figure 7(a). tfie power spectrum as a 
function of frequency for a chugging nozzle. It is 
sometimes more convenient to use the time vari- 
ation of the prok^e signal to detect unstable flow, 
fig. 8 compares the time variatk>n for stable oil 

50 fk>w (a) and unstable oil flow, cfiugging (b). 

Claims 

1. An acoustic nozzle monitoring process for cor- 
55 recting the operating conditions of a feed noz- 
zle (4) iniecting a liquid/gas mixture into a 
process vessel or chamber so as to maintain 
the correct mixing of said liquid and gas ex- 
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iting the nozzle, comprising: 

(a) determining a Reference Power Spec- 
trum (RPS) from a vibrational sensor acous- 
tically coupled to the fluid in said nozzle 
when said nozzle (4) is performing at a 5 
standard mixing or flow condition which is 

the desired operating state of the nozzle 
and where the vibrational resonances that 
characterize the RPS are dominated by the 
energy associated with the flow through the io 
nozzle in the frequency range over which 
the Power Spectrum is determined; 

(b) determining a Current Power Spectrum 
(CPS) at a later time from said vibrational 
sensor when said nozzle is performing at an 75 
unknown mixing or flow condition; 

(c) comparing the signature of said CPS 
with the signature of said RPS; 

(d) correcting the flow state of the nozzle by 
char>ging the variables controlling the rela- 20 
five volumes of gas and liquid entering the 
nozzle, when the comparison indicates a 
departure of said unkfKmn corKtition from 

said standard condition; and 

(e) verifying the return to the desired flow 25 
state by recognising when the signature of 

the CPS substantially exhibits the signature 
of the RPS. 



Leistungsspektrum bestimmt wird, 

(b) zu einer spSteren Zeit ein Stromlei- 
stungsspektrum (CPS) des Vibrationssen- 
sors l>estimmt wird, wenn die DOse unter 
einer unt)ekannten Mischungs- Oder FlieB- 
bedingung arbeitet. 

(c) die Signatur des CPS mit der Signatur 
des RPS verglichen wird, 

(d) der FlieBzustand der DOse durch VerSn- 
derung der Variabten, die die relativen Votu- 
men von Gas und RQssigkeit kontrollieren. 
die in die DUse eintreten, korrigiert wird, 
wenn der Vergleich eine Abweichung der 
unt)ekannten Bedingung von der Standard- 
bedingung anzeigt, und 

(e) die RGckkehr zu dem gewUnschten 
RieBzustand verifiziert wird, indem erkannt 
wird, wenn die Signatur des CPS im we- 
sentlichen die Signatur des RPS zeigt. 

2. Verfahren nach Anspruch 1. bei dem der Vi- 
t>ratk>nssensor ein Beschleunigungsnr^esser (5) 
ist. 

a. Verfahren nach Anspruch 1, bei dem der Vi- 
bratk>nssensor ein dynamischer Oruckum- 
wandter (8) ist, der mit der Ruidmischung in 
der OGse in Kontakt steht 



2. A process as claimed in claim 1 , wherein said 
vibrational sensor Is an accelerometer (5). 

3. A process as claimed in claim 1, wherein said 
vibrational sensor is a dynamic pressure trans- 
ducer (8) in contact with the fluid mixture in the 
nozzle. 

PatentansprUche 

1. Akustisches DGsenObenvachsungsverfahren 
zur Konrektur der Betriebsbedingungen einer 
ZufuhrdUse (4), die eine RUssigkeit/Gas-Mi- 
schung in ein Verfahrensgef§8 oder eine Ver- 
fahrenskamrT>er einspritzt, urn so die korrekte 
Mischung der RUssigkeit und des Gases, die 
die DUse veriassen. aufrechtzuerhalten, bei 
dem 

(a) ein Referenzleistungsspektrum (RPS) ei- 
nes Vtbrationssensors bestimmt wird, der 
mit dem Rutd in der DOse akustisch gekop- 
pelt ist, wenn die DUse (4) bei einer 
Standard-Mischungs- oder -Riefibedingung 
ari^eitet, die der gewUnschte Betriebszu- 
stand der DUse ist, und bei der die Vibra* 
tionsschwingungen, die das RPS kennzeich- 
nen, von der Energie dominiert sind, die mrt 
dem RieBen durch die DUse in dem Pre- 
quenzbereich verbunden ist Uber den das 



30 Revendlcatlons 

1. Proced6 acoustique de controle de buse desti- 
ne k coniger les conditions de fonctionnement 
d'une buse d'alimentation (4) tnjectant un m^- 
35 lange liquide/gaz dans une cuve ou une cham- 

bre de traitement de fagon k maintenir le me- 
lange correct dudit gaz et dudit iiquide sortant 
de la buse, comportant : 

(a) la determination d'un spectre d^^nergie 
40 de r^f^rence (RPS) provenant d'un capteur 

de vit)ratK)n coupi^ de maniSre acoustique 
au fluide dans iadrte buse lorsque ladite 
buse (4) fOTKrtionne dans une condition 
d'^coulement ou de nn^lange standard qui 

46 est r^tat de fonctionnement souhait^ de la 

buse et oO les resonar)ces de vil>ration qui 
caractSrisent le spectre d'^nergie de r§f6- 
rence sent dominies par I'^nergie associ^e 
h r^coulement k travers la buse dans la 

50 plage de fr^uence pour laquelle le spectre 

d*6nergie est d6termin6; 

(b) la determination d'un spectre d'^nergie 
courant (CPS) un instant plus tard k Taide 
dudit capteur de vibration lorsque ladite 

55 buse fonctionne dans une condition d*6cou- 

lerT>ent ou de melange inconnue; 

(c) la comparaison de la signature dudit 
spectre d*energie courant avec la signature 
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dudit spectre d'^nergie de rdf^rence: 

(d) la correction de r^tat d'feoulemerrt de la 
buse en modifiant les variables comman- 
dant tes volumes retatifs de gaz et de liqui- 

de entrant dans ta buse, lorsque ta compa- s 
raison indique un Scart de ladite condition 
inconnue par rapport h ladite condition stan- 
dard: et 

(e) la verification du retour h T^tat d'^coute- 
ment souhaiti en reconnaissant que ia si- w 
gnature du spectre d*4nergie courant pr^- 
sente sensiblement la signature du spectre 
d'6nergle de r^t^rence. 

2. Proc^d6 selon la revendication 1. dans lequel is 
ledit capteur de vit>radon est un acc^l^rom^tre 

(5). 

3. Proc^d6 selon la revendication 1, dans lequel 

ledit capteur de vit)ration est un transducteur 20 
de pression dynamique (8) en contact avec le 
melange de fluide dans la buse. 



25 



30 



06 



40 



46 



50 



55 



EP 0 320 280 B1 
















AMPLIFIER 

s ON 
^ COKER 

PLATFORM 


SIGNAL 




MICRO 












PROCESSOR 








FIG. 1 




CONTROL 
DISPLAY 





CONTROL ROOM 



EP 0 320 280 B1 





EP 0 320 280 B1 



Z 

o 

V) 



o 
a 
z 
< 

O CO 
cn 

UJ UJ 

M £ 

UJ 

UJ K 

OL UJ 

UJ I- 

O Ul 

>- o 

Z Ul 

u. 

S £ 

X 
X 
Ul 



I- 

\i 

A, 
V) 

Ul 



2 




(i)SmiL33dS H3M0d 



A 
P 



M 



< 

V 




CO 

csi 
■ 



01 



V 




o 

■ 

A 
P 

< 

V 



O 

Li. 




EP 0 320 280 B1 



1.811 




P-175 



IK 



2K 3K 4K 
FREQUENCY 



5K 



6K 

6400 Hz 



FIG.4a 




FIG.4b 



EP 0 320 280 B1 



8m ■ 

6m • 



N 

X 5|i • 




FREQUENCY 6400 Hz 



FIG.4C 




FIG.4d 



EP 0 320 280 B1 




P«20 



Ik 



2k 3k 4k 
FREQUENCY 



5k 



6k 



6400 Hz 



FIG.4e 




P'I75 



Ik 



2k 3k 4k 
FREQUENCY 



9k 



6k 
6400 Hz 



FIG.4f 



EP 0 320 280 B1 



3SU 




P=300 



Ik 



2k 3k 4k 
FREQUENCY 



Sk 



6k 

6400 Hz 



FIG.4g 





2.011 r 




1.811 • 




i.6U- 




1.411 • 




l.2|i> 




I.OU . 


tM 


o.aii • 


X 


0.6P- 




0.411 • 


1- 




J 0.2U L 


O 




> 


4 




P=I75 



2k 3k 4k 
FREQUENCY 



6k 

6400 Hz 



FIG.4h 



EP 0 320 280 B1 




0.2k 0.4k OBk OBk iOk 
FREQUENCY, F 



lAk I. 6k 
1600 Hz 



FIG.5a 



300np 
290n • 
N 200n - 




0 02k 0.4k 0.6k Q8k 1.0k 1.2k 1.4k Ifik 



FREQUENCY, F 1600 Hz 



FIG.5b 



EP 0 320 280 B1 





700n 




600n 




soon 


M 






400 n 












300n 


i 






200n 




lOOn 




O 02k 04k Oj6k OBk lOk 
FREQUENCY. F 



l.2k 14k 1.6k 

1600 Hz 



FIG.5C 



CM 

b 

o 
> 



800n 

700 n 
600 n 
900n 
N 400n 
300n 
ZOOn 
lOOn 
O 



02k Q4k 0.6k 0.8k I. Ok 
FREQUENCY, F 

FIG.5CI 



l.2k 14k 1.6k 

1600 Hz 



EP 0 320 280 B1 



400n|p 
3 son - 



soon 




O 0.211 0.4k Q6k Q8k LOk L2k 1.4k I6k 

FREQUENCY, F 1600 Hz 



FIG. 5 e 




O 0.2k Q4k 06k OSk lOk |.2k 
FREQUENCY, F 



l.4k 1. 6k 

1600 Hz 



FIG.5f 



EP 0 320 280 B1 






FREQUENCY, F 3200 Hz 




FREQUENCY, F 3200 Hz 




31 . 

FREQUENCY, F 3200 Hz 




FREQUENCY, F 3200Hz 



EP 0 320 280 B1 



FIG.7a 




400 ms H 900ms 

TIME,! 



